Background: In addition to the stepwise manner of lymph-node metastasis from the primary tumour, the skip lymph-node metastasis (SLNM) was identified as a low-incidence metastasis of gastric cancer (GC). So far, both the mechanism and outcome of SLNM have not been elucidated completely. The purpose of this study was to analyse the clinical significance and the potential mechanism of SLNM in GC patients who had lymph-node metastasis. Methods: Clinicopathological data and follow-up information of 505 GC patients who had lymph-node metastasis were analysed to demonstrate the significance of SLNM in evaluating the prognostic outcome. According to the pathological results, all GC patients who had lymph-node metastasis were categorized into three groups: patients with the perigastric lymphnode metastasis, patients with the perigastric and extragastric lymph-node metastasis and patients with SLNM. Results: Among the 505 GC patients who had lymph-node metastasis, 24 (4.8%) had pathologically identified SLNM. The location of lymph-node metastasis was not significantly associated with 5-year survival rate and overall survival (OS) (P ¼ 0.194). The stratified survival analysis results showed that the status of SLNM was significantly associated with the OS in patients with pN1 GC (P ¼ 0.001). The median OS was significantly shorter in 19 pN1 GC patients with SLNM than in 100 patients with perigastric lymph-node metastasis (P < 0.001). The case-control matched logistic regression analysis results showed that tumour size (P ¼ 0.002) was the only clinicopathological factor that may predict SLNM in pN1 GC patients undergoing curative surgery. Among the 19 pN1 GC patients with SLNM, 17 (89.5%) had metastatic lymph nodes along the common hepatic artery, around the celiac artery or in the hepatoduodenal ligament. Conclusions: SLNM may be considered a potentially practicable indicator for prognosis among various subgroups of pN1 GC patients.
Introduction
Gastric cancer (GC) is the second leading cause of cancer-related deaths worldwide. Moreover, lymph-node metastasis, which represents cancer-cell biological behaviour, has been identified as one of most important clinicopathological variables for evaluating the prognosis of GC patients [1, 2] . The Union for International Cancer Control (UICC) pathological N (pN) category based on the number of metastatic lymph nodes has been generally recognized as the optimal category of lymph-node metastasis for predicting the overall survival (OS) of patients [3] . Some studies insisted that the location of lymph-node metastasis affected the OS independently and showed that the extended lymphadenectomy was not significantly associated with an increase in post-operative death rates [4] .
The mechanism of lymph-node metastasis is a sophisticated invasive process throughout the course of GC, and this process covers many kinds of biological behaviours of cancer cells. Referring to the anatomic regions of lymphatic drainage surrounding the stomach, the perigastric lymph nodes should be considered the first-tier lymph nodes that are prone to invasion by cancer cells departing from the primary tumour. The secondtier lymph nodes surrounding the stomach are called extragastric lymph nodes, which usually are located in the original portion of the celiac artery, anterior portion of the common hepatic artery, near half portion of the splenic artery and lower left portion of the hepatoduodenal ligament [5, 6] . In theory, in most GC patients, the spreading cancer cells follow the regular pattern from the first-tier lymph nodes to the second-tier lymph nodes. Actually, a few GC patients without the perigastric lymph-node metastasis would be identified to have the extragastric lymph-node involvement through pathologic examination after surgery, which was called as skip lymph-node metastasis (SLNM) [7] . So far, few investigations focusing on SLNM of cancer have elucidated its clinical significance and its potential mechanism for the purpose of evaluating prognosis [7, 8] . The SLNM distribution of GC patients has not been fully elucidated, although the SLNM occurrence probability of GC has been reported to reach 11% [9] . Some authors have reported that patients with SLNM presented with similar clinicopathological variables and prognosis to those with perigastric lymph-node metastasis and a longer median OS than patients with the perigastric þ extragastric lymph-node metastasis after surgery [10] . Other researchers found that the prognosis for patients with SLNM was worse than that of those with the perigastric lymph-node metastasis, and was similar to that of patients with the perigastric and extragastric lymph-node metastases [11] .
In this study, we aimed to retrospectively analyse the clinicopathological characteristics of 505 GC patients with lymphnode metastasis to explore the clinical significance of SLNM of GC and the potential mechanism of SLNM in GC patients.
Methods

Patients
A total of 1156 patients were diagnosed with gastric adenocarcinoma and underwent the curative gastrectomy plus D2 lymphadenectomy in Tianjin Medical University Cancer Hospital (China) between 2003 and 2011. Eligibility criteria for inclusion in this study were as follows: (i) gastric adenocarcinoma identified by histopathological examination, (ii) histologically confirmed R0 resection, (iii) availability of complete follow-up data, (iv) radical resection and D2 lymphadenectomy performed and (v) no fewer than 16 lymph nodes examined.
Clinicopathological variables
Medical records were reviewed and the following clinicopathological characteristics were analysed: age at the time of surgery (65 years or younger vs older than 65 years), sex (male vs female), location of the primary tumour (the lower, middle or upper thirds of the stomach vs more than two-thirds of the stomach), size of the primary tumour (4 cm or less vs more than 4 cm), depth of the primary tumour invasion (pT1 vs pT2 vs pT3 vs pT4), Lauren classification (intestinal or diffuse vs mixed), number of metastatic lymph nodes (pN0 vs pN1 vs pN2 vs pN3a vs pN3b), type of gastrectomy (subtotal gastrectomy vs total gastrectomy) and number of examined lymph nodes (fewer than 16 vs 16 or more).
Follow-up
After curative surgery, all patients were followed every 6 months for the first 2 years and then once a year until death. B-ultrasonography, computed tomography, chest X-ray and endoscopy were performed every visit.
Statistical analysis
The median OS was determined using the Kaplan-Meier method. The log-rank test was used to compare the survival distributions of each univariate. The variables that were deemed to be of potential importance in univariate analyses (P < 0.05) were included in the multivariate analyses. Multivariate analyses were performed by means of the Cox proportional hazards model, using the forward stepwise procedure for variable selection. Hazard ratios (HRs) and 95% confidential intervals (CIs) were generated. To assess the potential bias in comparing prognostic factors with different clinicopathological characteristics, the Bayesian Information Criterion (BIC) was used. A smaller BIC value indicated a better model for predicting outcome. To overcome the constituent ratio error among the subpopulation of patients, case-control matched logistic regression was used. Chi-square was adopted to demonstrate the association between SLNM and various clinicopathological variables in the logistic regression analyses. The significance level was defined as P < 0.05. All statistical analyses were performed using a statistical analysis program package SPSS 22.0 (SPSS Inc; Chicago, IL, USA).
Results
Clinicopathological outcomes
In the present retrospective study, data from 505 consecutive patients (363 males and 142 females) with lymph-node metastasis for primary GC between March 2003 and August 2011 were examined. The median follow-up period was 84 months (range, 6-144 months). The patients' ages ranged from 20 to 87 years, with an average age of 59.1 years. In accordance with the 8th edition of the UICC/American Joint Committee on Cancer (AJCC) pathological TNM classification of GC, of the 505 patients, 125 (15.9%), 183 (23.1%), 138 (17.4%) and 59 (7.4%) had pN1, pN2, pN3a and pN3b category GC, respectively (Supplementary Table 1 ). The type of gastrectomy (total gastrectomy for 178 patients and subtotal gastrectomy for 237 patients) was selected based mainly on the GC treatment guidelines in Japan. Among 505 patients with lymph-node metastasis, 275 had perigastric lymph-node metastasis, 206 had perigastric þ extragastric lymph-node metastasis and 24 had SLNM. The 5-year survival rate of the patients with lymph-node metastasis was 19.0%; 96 patients were alive at the last follow-up and the median OS of all patients after surgery was 25.0 months.
Univariate survival analysis
The univariate analysis showed that, in GC patients with lymph-node metastasis, age at surgery (P ¼ 0.021), tumour size (P ¼ 0.005), type of gastrectomy (P ¼ 0.001), Lauren's classification of primary tumour (P ¼ 0.050), depth of primary tumour invasion (pT category) (P < 0.001), location of lymph-node metastasis (P < 0.001) and number of metastatic lymph nodes (pN category) (P < 0.001) were significantly associated with the median OS of patients (Supplementary Table 1 ). We found that (i) the more deeply the primary tumour invaded, the shorter the median OS of patients was; (ii) the higher the number of metastatic lymph nodes, the shorter the median OS of patients was; and (iii) the median OS of patients with extragastric lymphnode metastasis was shorter than that of patients with perigastric lymph-node metastasis or that of patients with SLNM ( Figure 1A ).
Multivariate survival analysis
All night variables listed above were included in a multivariate Cox proportional hazards model (forward stepwise procedure) to adjust for the effects of covariates (Supplementary Table 1 ). In that model, age at surgery (P ¼ 0.006), depth of primary tumour invasion (P ¼ 0.002) and number of metastatic lymph nodes (P < 0.001) were significantly associated with the median OS of GC patients with lymph-node metastasis. However, the location of metastatic lymph nodes was not significantly associated with the median OS of GC patients with lymph-node metastasis (P ¼ 0.194). Thus, we analysed the median OS of patients with SLNM on respective pN stages. By using the stratified survival analysis, we found that SLNM was significantly associated with the median OS in patients with pN1 GC (perigastric lymph-node metastasis vs SLNM, P < 0.001; Supplementary Table 2) .
Univariate and multivariate survival analyses of pN1 GC patients
The univariate analyses showed that the type of gastrectomy (P ¼ 0.031) and the location of metastatic lymph nodes (P ¼ 0.002) were significantly associated with the median OS of pN1 GC patients (Table 1) . We included the two variables mentioned above into a multivariate Cox proportional hazards model (forward stepwise procedure) to adjust for the effects of covariates. The results showed that the location of metastatic lymph nodes (HR ¼ 1.675; 95% CI ¼ 1.184-2.370, P ¼ 0.004) and type of gastrectomy (HR ¼ 1.624; 95% CI ¼ 1.022-2.581, P ¼ 0.040) were significantly associated with the median OS of pN1 GC patients ( Table 1) .
The median OS was longer in GC patients who underwent subtotal gastrectomy than in those who underwent total gastrectomy (69.0 vs 39.0 months, log-rank P ¼ 0.031); the median OS of patients with SLNM was shorter than that of those with perigastric lymph-node metastasis (26.0 vs 62.0 months, P < 0.001); however, there was no statistical difference between the median OS of patients with SLNM and perigastric þ extragastric lymph-node metastases (26.0 vs 36.0 months, P ¼ 0.642; Figure 1B ).
BIC value performance
BIC values were obtained by using logistic regression according to the survival status of patients. We found that the BIC value of the location of metastatic lymph nodes was lower than that of the type of gastrectomy (28.683 vs 32.467) in patients with pN1 GC (Table 1) .
Associations between SLNM and various clinicopathological variables in pN1 GC patients based on the case-control matched logistic regression
We adopted case-control matched logistic regression (using the forward stepwise procedure) to directly analyse the various clinicopathological variables and considered the different statuses of SLNM. We matched 125 patients in terms of sex (male vs female), age at surgery, tumour size, tumour location (lower third vs middle third vs upper third vs more than two-thirds of the stomach), depth of primary tumour invasion (pT1 vs pT2 vs pT3 vs pT4), Lauren classification of primary tumour (intestinal vs diffuse vs mixed), number of lymph nodes and type of gastrectomy (subtotal vs total). The results showed that the tumour size (P ¼ 0.002, v 2 ¼ 30.476) was the only clinicopathological variable associated with the SLNM in pN1 GC patients undergoing curative surgery (P ¼ 0.002, v 2 ¼ 30.476; Table 2 ). Among the pN1 GC patients with SLNM, 17 (89.5%) had positive lymph nodes along the common hepatic artery, around the coeliac artery or in the hepatoduodenal ligament (Supplementary Table 3 ).
Discussion
The lymph-node metastasis from GC basically follows the law of stepwise spread through the anatomical regional lymphatic bed; however, predicting the second-tier lymph-node metastasis, including the SLNM, is impossible. Therefore, D2 lymphadenectomy is recommended as the key procedure in curative gastrectomy, even for some early-stage GC patients with suspected lymph-node metastasis [7, 12, 13] . Some studies suggested that minimally invasive therapy of lymph-node dissection should be supplemented for early-stage GC patients who undergo endoscopic mucosal resection, wedge resection or laparoscopy-assisted gastrectomy, taking into consideration the potential of lymph-node metastases and SLNM [14, 15] . Kim et al. [7] analysed the data of 997 GC patients with lymph-node metastasis and found that patients with SLNM showed a lower frequency of vascular invasion than those with first-tier lymphnode metastasis, and showed smaller tumour size and lower incidence of lymphatic, vascular and perineural invasions than those with the stepwise second-tier lymph-node metastasis. Moreover, researchers have agreed that predicting whether patients had SLNM before surgery is impossible at this point; therefore, D2 lymphadenectomy is recommended as the optimal treatment strategy for patients with potential SLNM. Theoretically, the SLNM of GC can be presented in the following situations: (i) true SLNM, which may be induced from the blockage of afferent lymphatic vessels among partial firsttier lymph nodes [16] and (ii) false SLNM, which indicates that cancer cells have invaded the extragastric lymph nodes gradually through the local lymphatic vessels; however, the perigastric lymph-node metastasis cannot be examined because of the morphological and structural damage in the first-tier lymph nodes by cancer-cell proliferation [17] , only micro-metastases or isolated tumour cells in the first-tier lymph nodes [18] or the insufficiently examined lymph-node count [19] . In these studies, 24 (4.7%) of 505 GC patients were pathologically identified as SLNM cases after curative gastrectomy with D2 lymphadenectomy. The median OS of those patients with SLNM was 23.0 months, which is shorter than that of patients with the perigastric lymph-node metastasis (32.0 months) and higher than that of patients with perigastric þ extragastric lymph-node metastasis (19.0 months). No statistically significant difference in the median OS was observed between patients with SLNM, patients with the perigastric lymph-node metastasis and patients with the perigastric þ extragastric lymph-node metastasis in this study. Therefore, we considered that SLNM should be deemed as the potential perigastric þ extragastric lymphnode metastasis in terms of patient prognosis and pathological outcomes. Furthermore, we found that SLNM is only applicable for distinguishing the differences in median OS among subgroups of pN1 stage GC patients by using the stratified survival analysis (Supplementary Table 2 ). Upon multivariate survival analysis, the location of metastatic lymph nodes (P ¼ 0.004) and the type of gastrectomy (P ¼ 0.040) were identified as the independent predictors for evaluating the median OS of pN1 stage patients after curative surgery (Table 1) . Among those independent prognostic predictors, the locations of metastatic lymph nodes were demonstrated as the most intensive factor when evaluating the prognosis of pN1 stage patients after curative surgery, owing to the low BIC value of SLNM (Table 1) . Additionally, the logistic regression analysis between SLNM and other clinicopathological variables showed that only the tumour size was a relative factor to the SLNM in pN1 stage patients in this study. Compared with previous reports, our study included a higher proportion of advanced GC patients (98.4%) and presented a comparatively shorter OS. Therefore, we do think that many patients with SLNM in this study might be false SLNM patients whose perigastric lymph nodes were destroyed by cancer cells or that the examined lymph-node counts were not enough.
In conclusion, the causes of SLNM of GC remain ambiguous and vague in clinical settings. The pN1 stage GC patients with SLNM presented a worse prognosis than those without SLNM. The examined lymph-node count, based on standard lymphnode dissection (D2 lymphadenectomy), should be sufficient for improving the accuracy of SLNM in GC patients after surgery. Tumour size, as an important relative factor to SLNM prediction, indicated that neoadjuvant chemotherapy needs to be recommended for patients with large GC tumours for eradicating the micro-metastasis in the lymphatic system [20] .
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